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We investigated the diagnostic value of F-fluorodeoxyglucose positron emission to- 
mography/computed tomography (PET/CT) for restaging of treated uterine cervix squ- 
amous cell cancer with tumor maker elevation that was not explained by other conven- 
tional evaluation. We enrolled 32 cases who underwent PET/CT for the restaging of 
treated cervical cancer with tumor marker elevation that was not explained by recent 
conventional evaluation. All enrolled cases had squamous cell carcinoma. Increased 
tumor markers included squamous cell carcinoma antigen (SCC Ag) and carcinoem- 
bryonic antigen (CEA). PET/CT findings were determined by pathologic confirmation 
or clinical follow-up. We compared PET/CT accuracy and clinical parameters including 
normalization of tumor markers in both the SCC Ag elevation group and the CEA ele- 
vation group. The sensitivity, specificity, positive predictive value, and negative pre- 
dictive value of PET/CT in detecting recurrence were 100%, 83.3%, 82.4%, and 100%, 
respectively. Accuracy was significantly different between the SCC Ag elevation group 
and the CEA elevation group (p=0.0169). PET/CT with SCC Ag elevation was more ac- 
curate (100%) than PET/CT with CEA elevation (66.7%). Normalization of tumor mark- 
ers was observed more often in the SCC Ag elevation group than in the CEA elevation 
group (p=0.0429). PET/CT showed high negative predictive value and sensitivity in the 
restaging of cervical cancer with unexplained tumor marker elevation. PET/CT was 
more accurate in patients with SCC Ag elevation than in those with CEA elevation. 
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INTRODUCTION rates are 28% and 27.8%, respectively^ 

Early and accurate detection of recurrence is a sig- 

Uterine cervical cancer is one of the most common malig- nificant factor in treatment strategy and overall survi- 

nancies in the world. 1 During the past several years, the val. 7 ' 8 Also, early detection of recurrence is important in 

treatment of cervical cancer has progressed significantly. asymptomatic patients. 9 Follow-up for treated cervical 

These advances were mostly in the early and accurate de- cancer includes conventional investigation such as phys- 

tection of noninvasive cancer, resulting in a decrease in to- ical examination, serum tumor markers, Papanicolaou 

tal mortality. However, the mortality of invasive cancer smear (Pap smear), and radiological evaluation such as 

has not changed for the past 30 years. 2 Recurrence of cervix computed tomography (CT) or magnetic resonance imag- 

carcinoma usually occurs within 2 years after treatment. 3 " 5 ing (MRI). However, the methodology for such follow-up 

Reported 5-year recurrence and 5-year overall mortality has not been standardized. 10 Moreover, no validated tumor 
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markers are available for follow-up of cervical cancer. 

During follow-up, an elevated tumor marker can be the 
first sign of recurrence. 10 Elevated squamous cell carcino- 
ma antigen (SCC Ag) is detected in 71% to 85% of patients 
before or at the same time as detection of evidence of 
recurrence. The median lead time is 2 to 7.8 months from 
the time of SCC Ag elevation to the diagnosis of recur- 
rence. 12 " 14 Therefore, there might be a time gap from tumor 
marker elevation to detection of recurrence. More specifi- 
cally, when a tumor marker is elevated without evidence 
of recurrence or metastasis in other evaluation, such as 
physical examination, Pap smear, or radiologic evaluation 
such as CT or MRI, it is referred to as "unexplained tumor 
marker elevation." 

So far, there have been several reports regarding the role 
of 18 F-fluorodeoxyglucose (FDG) positron emission tomog- 
raphy (PET) in this "unexplained tumor marker elevation" 
in cervical cancer. 15 ' 16 However, these reports used PET in- 
stead of PET/CT. We therefore performed the present 
study to assess the clinical impact of 18 F-FDG PET/CT 
(PET/CT) for unexplained tumor marker elevation of treat- 
ed cervical cancer patients. 

MATERIALS AND METHODS 
1. Patients 

The study was carried out in accordance with the 
Declaration of Helsinki. This clinical study was a retro- 
spective observation study. We enrolled patients with a 
history of cervical cancer who underwent PET/CT for un- 
explained tumor marker elevation between May 2004 and 
June 2009. Eligibility requirements for this study were as 



TABLE 1. Characteristics of patients with elevated tumor markers 



Characteristic No. 



Total patients 32 

Mean age (years) 55.4±11.9 

Pathology (n) Squamous cell carcinoma 32 

Stage (n) IA 5 (15.6%) 

IB 11 (34.4%) 

IIA 1(3.1%) 

IIB 15 (46.9%) 

Previous treat- Operation only 6 (18.8%) 

ment Operation and radiation 13 (40.6%) 
therapy 

Radiation therapy 13 (40.6%) 

Interval (median, From last treatment to 23.20(1.20-148.90) 
range) (month) PET/CT f 

Follow-up after PET/CT 24.75 (0.03-44.27) 

Elevated tumor SCC Ag* 23 (71.9%) 

marker (num- CEA+ 9 (28. 1%) 
ber of patients) 



* Squamous cell carcinoma antigen, reference value: 0-1.5 ng/ml, 
t Carcinoembryonic antigen, reference value: 0-4.7 ng/ml, ^Radio- 
logical evaluation was done before PET/CT and none of these cases 
showed metastatic lesions in these evaluations. 



follows: 1) patients with a history of uterine cervix malig- 
nancy who went into complete remission after treatment, 
2) pathology of squamous cell carcinoma, 3) elevation of tu- 
mor marker during follow-up after complete remission of 
cervical cancer, and 4) clinical and radiological evaluation 
that did not reveal the reason for tumor marker elevation. 

Physical examination and Pap smear were done in all 
cases. Radiological evaluation, such as contrast-enhanced 
abdomen CT or pelvic MRI were done before PET/CT in 
nine cases. None of the enrolled cases showed evidence of 
recurrence or metastasis in those conventional evalua- 
tions. Further details are described in Table 1. 

We excluded all cases in which the reasons for tumor mark- 
er evaluation were revealed in any previous evaluation, such 
as radiological or clinical evaluation before PET/CT. 

2. Tumor markers 

Choice of tumor markers was based on the decision of 
each clinician. Among the 32 enrolled cases, elevated tu- 
mor markers were SCC Ag or carcinoembryonic antigen 
(CEA). SCC Ag was measured by immunoradiometric as- 
say (TFB. Inc., Tokyo, Japan) on a Gamma counter (Perkin 
Elmer, USA) in which the reference range was 1.5 ng/ml. 
CEA was measured by Elecsys CEA electrochemilu- 
minescence assay on a Modular Analytics E170 system 
(Roche Diagnostics GmbH, Tokyo, Japan) in which the ref- 
erence range was 4.7 ng/ml. Tumor marker measurement 
was done at each follow-up visit after treatment of the pri- 
mary malignancy. All enrolled cases showed elevation of 
a tumor marker over the reference value on at least two se- 
rial measurements before PET/CT. Detailed information 
is described in Table 1. 

3. 18 F-FDG PET/CT 

Whole-body imaging was performed by using a combined 
PET/CT scanner (Discovery ST PET/CT system, General 
Electric Medical Systems, Milwaukee, WI). After fasting 
for 6 hours, all patients received 20 mg of intravenous furo- 
semide, continuous intravenous hydration, and placement 
of a Foley catheter. 18 F-FDG (375 MBq) was injected intra- 
venously in a quiet environment. Sixty minutes after FDG 
administration, imaging was done. Initially, a low-dose CT 
scan (Helical, 8-slice, 120 Kvp, 10-130 mAs, and 3.79 slice 
thickness) was performed for attenuation correction. A 
whole-body emission PET scan was performed immedi- 
ately after the low-dose CT scan, with a 3 minutes acquis- 
ition per bed position with the use of a three-dimensional 
acquisition mode. Attenuation-corrected PET images were 
reconstructed. 

4. Image interpretation 

All PET/CT images were analyzed in consensus by two 
experienced nuclear medicine physicians. Clinical history 
and results of previous radiological studies were available. 
The PET/CT images were interpreted as no metabolic evi- 
dence of recurrence when there was no abnormal 18 F-FDG 
uptake in any region. Hypermetabolic lesions were classi- 
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fled on the basis of shape (focal, linear, and diffuse), size, 
location, and the SUV value (over max SUV 2.5). Recurred 
lesions were suggested when focal uptake was higher than 
that of the surrounding tissue and when it was not related 
to physiologic uptake. 

5. Histologic/cytologic confirmation and follow-up after 
PET/CT 

To confirm the lesions, either clinical evaluation and tis- 
sue biopsy or radiological or metabolic evaluation was 
done. For PET-negative cases, short-term follow-up with 
remeasurement of tumor marker, routine Pap smear, 
imaging studies, and clinical evaluation were done for all 
cases. The imaging studies included were abdomen CT or 
pelvic MRI or 18 F-FDG PET/CT. In addition, follow-up of 
serum tumor markers was done. 

6. Data analysis and statistics 

On the basis of the follow-up of each PET/CT case, the 
cases were divided into metastasis and no metastasis 
groups. Also, the cases were classified as true-positive, 
true-negative, false-positive, and false-negative. Analysis 
of the sensitivity, specificity, accuracy, positive predictive 
value, negative predictive value, positive likelihood ratio, 
and negative likelihood ratio of PET/CT for detecting re- 
currence was done. 

We compared PET/CT accuracy and clinical parameters 
including normalization of tumor markers in both the SCC 
Ag elevation group and the CEA elevation group. Also, we 
compared clinical parameters in the recurrence and no re- 
currence groups. For continuous data, we used the Mann- 
Whitney test. For categorical data, we used Fisher's exact 
test, p values < 0.05 were considered statistically signifi- 
cant. We used MedCalc statistical software (MedCalc 
Software, Mariakerke, Belgium; version 11.3.1.0). 

RESULTS 

A total of 32 patients with a history of cervical cancer un- 



TABLE 2. PET/CT performance in treated cervix malignancy with 
unexplained tumor marker elevation (n=32)* 



Performance 


PET/CT 


True-positive 


14 cases 


True-negative 


15 cases 


False-positive 


3 cases 


False-negative 


0 case 


Sensitivity 


100.0% 


Specificity 


83.3% 


Accuracy 


90.6% 


Positive predictive value 


82.4% 


Negative predictive value 


100.0% 


Positive likelihood ratio 


6 


Negative likelihood ratio 


0 



^Disease prevalence, 73.8% (23.4-62.3%). PET/CT: F-FDG PET/ 
CT. 



derwent PET/CT for unexplained tumor marker elevation 
(Table 1). In these patients, overall sensitivity, specificity, 
positive predictive value, and negative predictive value of 
PET/CT for detecting recurrence were 100%, 83.3%, 82.4%, 
and 100%, respectively (Table 2). 

1. PET true-positive group 

Among the 32 total cases of unexplained tumor marker 
elevation of treated cervical cancer, 17 cases (53.1%) 
showed suspicious lesions suggesting recurrence or meta- 
stasis (defined as PET-positive cases). The number of cases 
are described in Fig. 1. Fourteen of the cases were proven 
to be true positives (Figs. 2, 3). These lesions were abdomi- 
nopelvic lesions (6 cases), distant metastases (4 cases: 
spleen, mediastinal lymph node, supraclavicular lymph 
node, and lung), and both abdominopelvic and distant le- 
sions (3 cases). Six of them were confirmed by tissue biopsy. 
The other 11 cases showed disease progression on serial ra- 
diological evaluation (CT, MRI, or PET/CT) with persistent 
or elevated tumor markers. 

2. PET false-positive group 

There were three false-positive cases. PET/CT indicated 
metastatic lesions in the mediastinal lymph nodes and ma- 
lignant lesions in the liver and colon. The elevated tumor 
marker was CEA in these three cases. In a case of a colonic 
lesion, colonoscopy and biopsy were done, which revealed 
radiation-induced inflammation. In a case of mediastinal 
lymph node lesions, the patient had undergone chol- 
ecystectomy a week before PET/CT. There were several hy- 
permetabolic, high-attenuated lymph nodes in the media- 
stinum and hilum. The left paratracheal lymph nodes were 
considered as recurrence owing to lower CT attenuation. 
However, follow-up with chest CT revealed that this was 
a false-positive. In a case of hepatic hypermetabolism, 
pathologic evaluation was not done. However, radiological 
evaluation such as chest CT and hepatic MRI revealed no 
definite pathologic disease in those regions. In all of these 
false-positive cases, routine evaluation including physical 
examination and Pap smear also showed no evidence of 
recurrence. 

3. PET true-negative group 

The other 15 cases of PET/CT (46.9%) did not show any 
metabolic evidence of recurrence or metastasis (Fig. 1). 
After more than 2 years (in this subgroup, 20.89 months 
on average) of follow-up, all of these cases were confirmed 
as true negatives. PET/CT did not show any abnormal FDG 
uptake in nine cases. The other six cases showed benign le- 
sions on PET/CT. Further details are described in Tables 
2 and 3. 

4. Comparison between groups: SCC Ag elevation group 
vs. CEA elevation group 

The accuracy of PET/CT in detecting recurrence was sig- 
nificantly different between the SCC Ag elevation group 
and the CEA elevation group (p=0.017). PET/CT with SCC 
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Total patients (n=32) 



PET positive (n=17) 



X 



PET negative (n=15) 



True positive (n=14) 



T 



1 



False positive (n=3) 



SQCAg 
elevation (n=13) 



1 



CEA (n=1) 



X 



True negative (n=15) 



X 



X 



False negative (n=0) 



CEA elevation 
(n=3) 



SCCAg 
elevation (n=10) 



CEA elevation 
(n=5) 



Intraabdominopelvic 
lesion (n=6) 



Distant metastasis only 
(n=4) 



Intraabdominopelvic 
lesion+distant 
metastasis (n=3) 



Mediastinal 
LN metastasis 
(n=1) 



R/O mediastinal 
LN metastasis 

(n=1); 
R/O hepatic 
metastasis (n=1); 

R/O colon 
metastasis (n=1) 



Benign lymph nodes 
— | (neck, mediastinum, 
and pelvis) (n=3) 



Thyroid adenoma 
(n=1) 



No abnormal 
hypermetabolism 
(n=6) 



Benign cervical LN 
(n=10) 



Thyroiditis (n=1) 



No abnormal 
hypermetabolism 
(n=3) 



FIG. 1. Summary of F-FDG PET/CT findings and follow-up results in the 32 cases of tumor marker elevation of treated cervix 
malignancy. LN: lymph node. 



Max SUV: 5.0 




S 8 



FlG. 2. True-positive case (lymph node 
metastasis). A 72-year-old female had 
a cervical malignancy (squamous cell 
carcinoma) treated with chemoradia- 
tion therapy. Four months after the 
last treatment, serum SCC Ag was ele- 
vated (8.8 ng/ml). Pelvic CT (A) was 
done, but no metastatic lesions were 
detected. After 1 month, 18 F-FDG PET/ 
CT was done (B, C). Hypermetabolic 
lymph nodes with max SUV 5.0 were 
detected in the paraaortic area (B, C 
arrows). These lymph nodes were sup- 
posed to be benign lesions in the pre- 
vious CT (A, arrow). Recurrence was 
clinically confirmed by follow-up CT 
studies and chemotherapy was done 
for this patient. 



Ag elevation was more accurate (100%; 23/23) than 
PET/CT with CEA elevation (66.7%; 6/9). 

5. Comparison between groups: PET true-positive group 
vs. false-positive group 

The PET true-positive group (n=14) and PET false-pos- 
itive group (n=3) had significantly different tumor marker 
elevation (p=0.006). The PET true-positive group had more 
SCC Ag elevation than CEA elevation. All three false-pos- 
itive cases had CEA elevation. 



The stage, age, and interval from last treatment and 
PET/CT were not significantly different between the two 
groups. 

6. Normalization of tumor markers 

Tumor markers in patients who were without recurrence 
showed variable changes (Table 3). In 10 cases of true neg- 
atives, tumor markers were normalized during follow-up 
(SCC Ag: 9 cases, CEA: 1 case). In the other five cases, per- 
sistent high levels of CEA (4 cases) or SCC Ag (1 case) were 
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FIG. 3. True-positive case (splenic me- 
tastasis). A 54-year-old female had 
treated cervical cancer (squamous cell 
carcinoma). One year later, serum 
SCC Ag was elevated (from 1.4 to 3.2 
ng/ml in 1 month). Contrast-enhanced 
abdomen CT (A) was done but recurre- 
nce of metastasis was not revealed. 
After 1 week, 18 F-FDG PET/CT (B, C) 
detected a hypermetabolic lesion of 
max SUV 8.9 in the spleen (B, C ar- 
rows). Metastasis was confirmed by 
biopsy. 



TABLE 3. Tumor marker normalization and benign disease in true-negative and false-positive cases (n=number of cases) 





Tumor marker 


PET/CT lesion 


n 


Tumor marker normalization 


True negatives (n=15) 


CEA 


Benign LN in neck 


1 


X* 






Thyroiditis 


1 


X 






No lesion 


2 


X 






No lesion 


1 


0 + 




SCC Ag 


Benign LN in pelvis 


1 


0 






Benign LN in neck 


1 


0 






Benign LN in mediastinum 


1 


0 






Thyroid adenoma 


1 


0 






No lesion 


5 


0 






No lesion 


1 


X 


False positives (n=3) 


CEA 


R/O metastasis to mediastinal LN 


1 


X 






R/O hepatic metastasis 


1 


0 






R/O colon cancer 


1 


0 



N: lymph node. *Did not normalized, Normalized. 



shown. In two false-positive cases, the tumor markers were 
normalized. However, the other one showed persistent lev- 
els of CEA. The normalization of tumor markers showed 
a statistically significant difference between the SCC Ag 
group and the CEA group. CEA more frequently remained 
at a high level compared with SCC Ag (p=0.043). The inter- 
val from last treatment and PET/CT and age were not sig- 
nificantly different between the two groups. 

7. Comparison between groups: recurrence vs. no re- 
currence 

Detection of recurrence was significantly different be- 
tween the SCC Ag elevation group and the CEA elevation 
group (p=0.044). Also, stage at first diagnosis was sig- 
nificantly different between cases with recurrence and cas- 
es without recurrence (p=0.005). 



In addition, stages of primary cancer were higher in the 
recurrence group than in the no recurrence group (p= 
0.005). This also differed between the PET true-positive 
and true-negative groups (p=0.002). However, tumor 
marker and stage were not significantly different between 
PET false-positive cases and PET true-positive cases. 

The interval from last treatment and PET/CT and age 
were not significantly different between the two groups. 

DISCUSSION 

In our study, we revealed the good sensitivity (100%) and 
high negative predictive value (100%) of PET/CT in treated 
cervical cancer patients with unexplained tumor marker 
elevation. We found that the accuracy of PET/CT was sig- 
nificantly higher in the SCC Ag elevation group than in the 
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CEA elevation group (100% vs. 66.7%, p=0.017). All of the 
false-positive cases were patients with CEA elevation. 

This PET/CT study dealt with only unexplained tumor 
marker elevation in cervical cancer with more than 1 year 
of follow-up after PET/CT. There have been several reports 
regarding the impact of 18 F-FDG in patients with serum tu- 
mor marker elevation for detecting recurrence of cervical 
cancer. 10 ' 15 " 18 However, those studies were done by PET 
(not PET/CT) or did not clearly exclude cases that were al- 
ready proven to have recurrence or symptoms before 
PET/CT. 10 ' 15 " 18 

The sensitivity and specificity of our study with PET/CT 
were higher than those of the study of Chang et al. 15 with 
PET-only data (100% and 83.3% vs. 94% and 78%, re- 
spectively). These differences are probably due to the addi- 
tional information acquired with PET/CT. However, 
PET/CT showed lower specificity (83.3%) compared with 
another study with PET (94.0%). 16 The reason for this dif- 
ference might be the differences in the tumor markers 
included. Both previous studies investigated only SCC Ag 
elevation. All three false-positive cases in our study were 
cases of CEA elevation. Thus, inclusion of CEA might have 
caused the decrease in specificity in our study. Also, the fol- 
low-up after the PET studies was not enough to detect 
false-negative cases, in contrast with the 1 year and 6 
months of follow-up in our study. 

Unexplained tumor marker elevation might be a sign of 
recurrence even though conventional imaging modalities 
could not find lesions. In a previous report, an increasing 
SCC Ag level could precede by 8 months the detection of 
metastatic lesions in 46% to 92% of the cases. 11 Detecting 
metabolic change by PET/CT before morphologic change 
might be a way to detect metastasis during this time gap. 
In our study, PET/CT found 9 cases with metastatic lesions 
in the abdominopelvic cavity. In these cases, CT or MRI, 
which were done before PET/CT, could not detect the meta- 
stasis (Fig. 2). 

In addition to the detection of the metabolic changes, 
whole-body coverage in the follow-up of cervical cancer is 
another benefit of PET/CT. Fagundes et al. 4 reported that 
the 10-year actuarial incidence of distant metastasis was 
3% of stage IA, 16% of stage IB, 31% of stage IIA, 26% of 
stage IIB, 39% of stage III, and 75% of stage IVA. Frequent 
metastatic sites of cervical cancer are reported to be the 
lung, abdominal cavity, gastrointestinal tract, and liver. 4 
In our study, PET/CT revealed distant metastases to the 
spleen, mediastinal lymph node, supraclavicular lymph 
node, and lung, which were not covered by the patients' pre- 
vious imaging studies. 

Tumor markers can also be increased in serum in pa- 
tients with nonmalignant disease. SCC Ag may be elevated 
in serum in pemphigus and renal failure. 19 " 21 Also, the se- 
rum CEA level is affected by several factors including hep- 
atic function and smoking. In our study, several benign dis- 
eases were revealed, such as thyroid adenoma, thyroiditis, 
and reactive lymph nodes. In some of these cases, the tumor 
marker elevation normalized during follow-up. However, 



some cases showed persistent tumor marker elevation 
(Fig. 1 and Table 3). 

False-positives can occur on PET/CT. The gastro- 
intestinal tract and liver can show physiologic hyper- 
metabolism on PET/CT. These are known to be frequent 
metastatic lesions of cervical cancer. 4 Also, reactive lymph 
nodes can show hypermetabolic activity on PET/CT. 
Lymph node involvement of cervix cancer was also re- 
ported in 22% of cases, predominantly to paraaortic, supra- 
clavicular, and inguinal nodes. 4 In our study, three cases 
of false-positive lesions involved the mediastinal lymph 
node, liver, and colon (Fig. 1). 

The present study had limitations. The number of cases 
was small, resulting in difficulty in comparison between 
groups. Despite these limitations, however, the results of 
this study, which showed a high negative predictive value 
of PET/CT, may be good evidence for the application of 
PET/CT in routine clinical evaluation, especially in pa- 
tients with a higher stage of cancer or unexplained SCC Ag 
elevation. 

In conclusion, 18 F-FDG PET/CT showed high negative 
predictive value and sensitivity in restaging of cervical can- 
cer with unexplained tumor marker elevation. In addition, 
PET/CT was more accurate in patients with SCC Ag ele- 
vation than in those with CEA elevation. 
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